Abstract
Introduction
Copper (Cu) is an essential trace element for all biological organisms, from bacterial cells to human.
Depeneding on the source of the biological material, Cu content ranges from parts per billion to parts per million. Cu deficiceicny has been linked to a variety to clinical signs, including pale coat, poor sheep fleece quality, anemia, spontaneous fractures, poor capillary integrity, myocardial degeneration, hypomyelinization of the spinal cord, impaired reproductive performance, decreased resistance to infectious disease, diarrhoea and generalized ill-health (Tessman et al., 2001) , causing sever economic losses. Hypocuprosis is the second most widspread mineral deiciciency affects on grazzing animals, many investigations concerning the mechanisms of Cu activity in the body have dealt primarily with the distribution of Cu in various tissues, tha changes which occur in the blood after different conditions and the interrelationships between Cu and variuos enzymes systems, vitamins and minerals . development of conective tissues including those of bone, lung and the circulatroy system, as wll as lysyle oxidase activity in the skin, which declined with low dietary Cu and increased with repletion, is potentaiily a useful indicator of Cu status. .
Cu is an essentail part of ferroxidases enzymes found in plasma (Gambling et al., 2011a) , with a function in ferrus ion oxidation that is needed to achieve iron binding to transferrin. Ferroxidase I, also called ceruloplasmin, is the predominant Cu protein in plasma and may also have antioxidant functions. Defects in ceruloplasmin function produce cellular iron accummulation, a result that support its ferroxidase role (Harris and Gitlin, 1996) . Ceruloplasmin concentration is also a reliable indicator of Cu deficiciency as it carries between 60-95% of serum Cu, and changes in serum Cu concentration usually parallel the ceruloplasmin concentration in the blood (Prohaska, 2011) . Each molecule of ceruloplasmin contains six to eight atoms of Cu which infleunce its biological activity and it have been isolated from several animal species including man and have a simillar chemical structure (Crisponi et al., 2010) , biochemical properties of ceruloplasmin such as optimal pH are often similar in various animal species.
The impact of Cu deficiency on the antioxidant system and oxidative damage of cellular components has been reported in several species and tissues, as well as in cultured cells. Ceruloplasmin is the main cupremic determinant and appears to be one of the enzymes most sensitive to Cu deficiency (Hussein and Staufenbiel, 2012) . In this sense, it is well known that low ceruloplasmin levels are related to an increased susceptibility to infections and tissue injuries. It has been suggested that Ceruloplasmin in plasma acts as an extracellular scavenger of free radicals and may thus protect the cells against reactive oxygen species released from neutrophils and macrophages (Picco et al., 2004) .
In domestic animals, ceruloplasmin has been used diagnostically to investigate Cu deficiency (El-khaiat. In cattle, correlation coefficients as high as 0.93 have been observed using plasma samples while in sheep, comparisons between serum ceruloplasmin and whole blood Cu concentrations have also produced good correlations (r = 0.75) and since ceruloplasmin was reported to contain greater than 95% of the circulating Cu in normal animal (Nakazato et al., 2014) , ceruloplasmin synthesis occurs in the liver, a major site of Cu storage, it could be expected that ceruloplasmin activity would be a useful indicator of hepatic Cu concentrations. Plasma has more ceruloplasmin activity than serum, suggesting a relatively greater sequestration of ceruloplasmin than Cu during the clotting process.
Under Cu ions are bound to the enzyme. This enzyme is responsible for the reduction of the superoxide to hydrogen peroxide and oxygen in the cell.
Cu and Immunity
Cu is known to play an important role in development and maintenance of the immune system which requires Cu to perform several functions, of which little is known about the direct mechanism of action.
There Cu deficiency, in general, reduces the effectiveness of the acquired response (Prohaska et al., 1983) .
Some studies of Cu deficiency, in which ceruloplasmin was almost non-detectable, determined that the Cu-deficient animals were anemic, their thymus weights were significantly lower, and their spleen weights were significantly higher than in normal animals as well as antibody production was significantly reduced in Cu-deficient animals (Paolicchi et al., 2013) . Splenocytes in Cu-deficient animals had a reduction in the incorporation of tritiated thymidine into cellular DNA in a standard mitogenic proliferation assay and the mitogen-induced synthesis of DNA was impaired by Cu deficiecny (Percival, 1998 ).
Cu also is utilized in host immune systems to prevent infection, not only is Cu required for proper development of the immune system (Rowland and Niederweis, 2012), but also, new evidence shows that
Page6
Cu is employed at a cellular level to kill invading bacteria (Rowland and Niederweis, 2013) . Cu was accumulated in the granulomas of guinea pigs infected with Mycobacterium tuberculosis and that Cu resistance was required for full virulence in Mycobacterium tuberculosis (Wolschendorf et al., 2011) .
Multicopper oxidases play a crucial role in Cu detoxification in many bacteria, including Escherichia coli (Grass and Rensing, 2001 ), Pseudomonas syringae and Salmonella enterica (Achard et al., 2010) .
Reductions in Superoxide dismutase activity in leucocytes from Cu-deficient sheep accompanied by increased release of Superoxide anion, suggesting that superoxide might accumulate and weaken the phagocyte after the pathogen triggers the respiratory burst (Jones and Suttle, 1981) . However, in cells from the Cu-deficient bovine, candidacidal activity is reduced before leukocyte superoxide dismutase activity declined, while decreased nitro blue tetrazolium reduction indicated lowered intracellular concentration of superoxide anion (Boyne and Arthur, 1986 ).
The physiological role of Superoxide may vary between species and with the severity of Cu deficiency, while Cu is an appropriate element with which to begin, since it has been clearly shown to influence resistance of sheep to bacterial infections (Boyne and Arthur, 1986 ).The Scottish Blackface hill breed, which was naturally susceptible to copper deficiency, and a line selected for low plasma Cu both produced lambs that were highly vulnerable to microbial infections when pasture improvement by liming and reseeding lowered their Cu status. 
Cu and Maternal Fetal Relationship
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Pregnancy is a period of rapid growth and cell differentiation for both the mother and fetus.
Consequently, it is a period when both are vulnerable to changes in dietary supply, especially of those Administration of therapeutically effective amounts of Cu to the ewe could be delayed until the last month of pregnancy and still be effective in preventing swayback in the offspring. It appeared that an inadequate supply of Cu to the fetus during the last 3 or 4 weeks of gestation can cause swayback. In guinea pigs deficient of Cu that showed gross brain changes at birth, it was postulated that the supply of Cu was inadequate during fetal development to maintain the necessary oxidase activity. Moreover, the deficiency of Cu also might limit synthesis of phospholipid (Hidiroglou and Knipfel, 1981) .
Because of high demand for Cu by the developing embryo, the Cu-deficient ewe is unable, apparently, to maintain a Cu reserve adequate for normal functional purposes during late gestation. However, in some cases, Cu-deficient ewes give birth to an unaffected lamb; in these ewes more Cu crossed the placenta than in the ewe giving birth to an affected lamb. There was constant increase in Cu deposition throughout the fetal period and, therefore, an increasing demand for Cu by the fetus. The pregnant ewe appeared to be equipped poorly to protect her lamb against effects of a dietary deficiency of Cu and plasma Cu decreased during pregnancy and again after parturition, perhaps from the physiological disturbances that Clinical symptoms of Cu deficiency vary and include poor appetite in congenital forms, weakness of limbs, twisted joints, edema, head tremors, incoordination, ataxia, paresis, and paralysis (Ozkul et al., 2012) , osteochondrosis (Handeland and Bernhoft, 2004) , poor body condition, growth rate and coats .
Degeneration and necrosis of the motor neurons in the medulla spinalis and cerebellum as well as demyelinization were also reported in cases of Cu deficiency (Dinev I et al., 2005) . Cu deficiency is clearly teratogenic and also induces adverse developmental and neurobehavioral effects.
The nature and magnitude of these effects depend on (a) timing of Cu deficiency during reproduction and development, (b) extent of Cu deficiency, and (c) animal species (Mason et al., 1989) . The major target organs for Cu deficiency are the blood and hematopoietic system, the cardiovascular system, connective tissue and bone, the nervous system, and the immune system (Ralph and McArdle, 2001 Page14 membrane, leading to its disruption (Hochstein et al., 1980) , this process may somehow be related to an inhibition of glycolytic enzymes and a concomitant decrease of the glutathione concentration in the erythrocyte and decrease the activity of glucose-6-phosphate dehydrogenase (Sansinanea et al., 1996) .
When Cu is ingested in large amounts in the diet, it may accumulate within the liver over a period of a few weeks to more than a year without clinical signs followed by a sudden release of liver Cu stores with resultant toxicity. Many factors that alter Cu metabolism can influence chronic Cu toxicity by enhancing the absorption or retention of Cu. Chronic Cu toxicity may result from excessive intake of Cu; low intake of molybdenum, sulphur, zinc, or calcium; or liver damage (Hasan et al., 2009 ). In Cu toxicity, blood Cu concentrations may increase suddenly, causing lipid peroxidation and intravascular hemolysis.
Acute toxicity may follow ingestion of 20 to 100 mg of Cu/kg body weight in sheep, while chronic toxicity of sheep may occur with daily intake of 3.5 mg of Cu/kg body weight when grazing pastures that contain 15-20 mg of Cu/kg on a dry weight basis with concurrent low concentrations of molybdenum and sulfur (Lorgue G et al., 1996) and chronic Cu toxicity was appeared when Cu supplementation was 2mg
Cu /kg body weigh daily for 105 days in cattle and buffalos (Minervino et Cu storage begins in the centrilobular hepatocytes, where most of the Cu is sequestered in hepatic lysosomes (Rolfe and Twedt, 1995) . Lysosomal membranes lose integrity as Cu accumulates, and Cu lysosomal hydrolases are released, irreversibly injuring the cell. Hepatocellular necrosis and apoptosis occur, the accelerated loss of hepatocytes leads to acute massive Cu release causing hemolysis and accumulation of hemoglobin casts in the renal tubules (Lorgue G et al., 1996) . Renal tubular hemoglobinuric casts cause ischemia and direct damage to the epithelium, resulting in tubular necrosis. In acute hepatic toxicity, the metabolic capacity of the liver to store Cu is rapidly compromised, and necrosis
